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(54) ENCODER AND ENCODING METHOD, DECODER, AND DECODING METHOD 

(57)Abstract: 

PROBLEM TO BE SOLVED: To improve encoding performance by 
optimizing a degree sequence defining an inspection matrix in encoding and 
a quantization width at the time of quantization in decoding. 
SOLUTION: An encoder 1 is provided with a degree sequence calculating 
section 70 for calculating a degree sequence expressing the dispersion of 
the number of "1" in an inspection matrix; an inspection matrix generating 
section 80 for generating an inspection matrix on the basis of the degree 
sequence calculated by the section 70; and an encoding section 90 for 
performing encoding by using the inspection matrix generated by the 
section 80. In expressing a reception value and message at a low bit 
number in a decoder for decoding codes, the section 70 optimizes and 
calculates the degree sequence so that an error probability after decoding 
becomes the smallest for the dispersion of provided noise or so that the 
dispersion of noise becomes the largest for the provided decoded error 
probability after decoding. 
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£ *L , Cft^^-ztCft^tflflfg^-ftl-^-?. S<#«5fflmi*?S^-tt£»-?<fcZ'l&* 
lA'Jf <<S!II?^ (Low Density PaC i ty C/veck codes 10 

;ttT, LDPCS§):n j. )^ffiP*t)#C/T^iP)S. 

[ 0 0 0 6 ] 

:<9LDPCH§tt, R. G. GolI I o.?el"CJ;] fR. G . Ga. I la.? 
e y . " Low-Dens ityParity-Ckeck Codes". Cam 
tMd?e. Massachusetts; M - I . T . Press. 1 
9 6 3JIC£^T**;3c1£5£?tl;fe£<9-?;fo , >i, A t<98M r d . J. C MaoK 
ay. "Good errorcorrectin? codes fcased on 
very s P a r s e matrices". Submitted to IEE 
E Trans. inf. Theory, I T - 4 5 . PP. 399-431 

1999j^Tm. G. Lufcy. M . Mitz.enmacJ>.er. M. 20 
A. Skokrollaki and D. A. SPielman. "Ana 
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a.nner UclPU ±~?o>5l*effi Cte I ief P )" o Pa.Ht i o n) IC 
<fc 3 ^ y £ - >/• • A y V y 7 ■ 7^J l J7 , Z»CJ:o7fi?C V#°fff U # U # # 
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(4) A Z* ± SC ( 5 ) C3<*36*IC*iri)Ttt. *t tl Y tl . JE * U J; ? V f Z 1 v '/# >5 A 
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t^HJ. L *L # o 7 . A U 7 7" )IW - h" ft . ATj^ftS-Xytf-T'lC" 0" 2ft" 1 
" <9fiI#$SUl§i:tlTl>2i§dlCft, " 0" 2ft" 1" <Z> fll t ili 7J U . A 7J ? ft 2 2 y 
V - V IC " 0 " 5? ft " 1 " © fll # « IX a S * tL 7 I ) 3 J§ ^ IC ft , " 2 " 2 ft " 3 " ©tt 
iK7JT3o * . A'JJ/IW-Ftt, n?t" 1" 2ft" 2" <9 1fi IC ft, 

" 1" >zft" 2" 0 -fit t w 7j r z . t' y y y- / ■ jltk n - y 3 > ic ft 1 > 7 ft , c <s> ^ ? # 

[ 0 0 6 6 ] 

* r , a 5« (1 2 ) IC ;Tv * <fe 7 IC, 2 A 7J "? ± SC (1 0 ) ICftiflXv-G-^UlC*}!©* 
I 1 ili^(5SSlRtSStZ. 
[ 0 0 6 7 ] 

[ a 1 5 ] 

K 3 =/?(K„K 2 ) • • .(12) 

[ 0 0 6 8 ] 

C G> ± ft ( 1 2) ICftll!R?$?llZ2t:yM^yC-7V3B;, 3f* 1 CStJ; 
$= I . 

[ 0 0 6 9 ] 
[* 1 ] 
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1 S (12) (DM 





V 2 


0 


1 


2 


3 


Vi 












0 




3 


2 


1 


0 


1 




2 


2 


1 


1 


2 




1 


1 


2 


2 
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0 


1 


2 


3 



10 



[ 0 0 7 0 ] 

U # ^ T > ± SC (1 0) C«*n5AA (V, . v 2 
1IA ( U 5 ) tt . 2C a (1 3 ) IC >Tv t <fc ? C . ± * 1 t 

[ 0 0 711 
[ R 1 6 ] 



20 



v s . v 4 • v 5 ) c*s t 1 
u £±sc (1 2) <5^«ta 



C/ 5 - J?(K 5 ,J?(K 4 ,«(K,,/r(K t ,K 1 )))) 



(.13) 



[ 0 0 7 2 ] 30 

n, t y y 7- < xacju-va^iudTru^ra;. / y c - v v , . v 2 <<> si * ft t > *t 

ft. T 41 . Pi (i). P 2 (i) (1=0. 1. 2. 3)**Z*,±5*(12)IC*3J& 

1 1 >n * . ^ (14) c m r j; ? c « z . 

[ 0 0 7 3 ] 
[ 15 1 7 ] 



P 3 (o)=i>(0)P 2 (3) + P 1 (3)P 2 (o) 

F 3 (l)= P,(0)P 2 (2)+ P,(iXa(2)+ A (3)}+ P,(2){P 2 (0)+ P 2 (l)}+ P,(3)P 2 (l) 40 
' F 3 (2)= />(o)P 2 (l)+ P 1 (iXp(0)+P 2 (i)}+P 1 (i){P 2 (2)+P 2 (3)}+P 1 (3)P 2 (2) 
P 3 (3) = P 1 (0)P 2 (0)+P 1 (3)P 2 (3) 

• • -(14) 



[ 0 0 7 4 ] 



50 
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3 * . ±3t (1 3) ronmt i x v -e-vu e>l$*fli p „ a . XjV ( 1 5) c j; t 

[ 0 0 7 5 ] 
[ » 1 8 ] 

P„ = K(P v ,*(P v ,p(P v ,p(P v ,P v )))) ..-(15) 
[ 0 0 7 6 ] 

CC?, ±fC (1 4) CffvUfcSftBcJiru-Ztt. ± * 1 t E U & ± S (1 3) <?> 3S ft t * 
*-?»)ftl*4@ff"y*5»9>3*. S! (1 6) 73 ^ 5* 5t (1 8) C ^ * «fe 7 IC . 3 El 9 

SSft-fr&^ttzc***-??*. 

C 0 0 7 7 ] 
[ R 1 ? ] 

P 2 = P(P V ,P V ) • • • (1 6) 

[ 0 0 7 8 ] 
[IX 2 0 ] 

P 4 =R(P 2 ,P 2 ) •••(17) 

[ 0 0 7 9 ] 
[ IX 2 1 ] 

P u =R(P V ,P 4 ) • • -(18) 

[ 0 0 8 0 ] 

cq±j\; (1 8) 0 a « * ± a; (1 5) ©ssu. -at?. cftc* 1 ;. t* > v t < ■ 

3= 3 . 

[ 0 0 81] 

t T . Vk ±.0) &o XT y V t 4 ■ l_yK )l - y> 3 y \Z £. Z M W m t Kk T \Z & t , BWtZ. 4 

. ol 3 ttHtUfe»6. fi&l^^ioi, . a. 2 . CL 3 t¥fSKIVU£.J»e. & ^ C 4" 
Z ; y-r^-^y-t2-^' U 0 t 2fy I- Hfe^C^UT, S * ft « a. , <5> t fi 3® ft U 

[ 0 0 8 2 ] 

. 0L 3 tfilittU^tf U.. >Sfto)iEHtt. *i » a S it # " - 25" # ^ 

" +25" t?H^. 
[ 0 0 8 3 ] 

^:-yti-yyC- ; /U 0 t3t?yi-^t3feO)C«, Initio., . Ot 2 . 0L 3 t s5 
trU!»»lJ. CCftt. 1Cvhft*.';0*^>3*te**itE 4 /No CAB]* 
ttltS'Dfrttatf^fcHJifc*?. 13 , JsTjEQ'tt«#»ii*£2d;?C, ■ 3- ft « a. , . 

ol 2 . ol 3 tiiittsoit^^z. cQ>)§d. n w t ? * > HSfSttapoLcmt 

. «f Kfitt . fc^«<&Si 1 0" tfcYt milftll ( I O f 1 0 BER) * ffi 

{ ) hi it® ®m ') mm p k » . »:$2c*ti?ji3. 

[ 0 0 8 4 ] 
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C* 2 ] 

%t2 Eb/No, a, PbCDMf^ 



Eh/No 


1.50 


2.00 


2.50 


3.00 


a 


0.8414 


0.7943 


0.7499 


0.7080 


Pb 


0.1173 


0.1040 


0.0912 


0.0789 



[ 0 0 8 5 ] 

HHfliJI*. *te<9#BSa<Z> flB#r*W5|-*toI. i'llllfiCtt, <D ft & O ft" 0 10 

. 8237 "Q^$=.IS , )sTjEBU<Z)^ , ;5i*Pt«:-"0. 1 1 2 3 " f 5i i 'J Hi 
« «?) » * * I* . " 0. 0 045 3 3 " i"?M'>t2#, " 0" C*?«'>t^VB8 
U^ll7iSJR91ffiitl^. CS>*? ; <9*3-tt't'lGL,. ol 2 . a. 3 , *t ft ft . " 1 • 4 
6". " 2. 91". " 4. 57" V * -3 . C © * 3- <fc * a. , . <x 2 . ol 3 f* > ^ ft Y 

ft. £t>icB&#fi]SicsT>TiJV , j. »; ft ( 1 ?) cf ts?l#flflt?. 

[ 0 0 8 6 1 
[ IX 2 2 ] 




• • -(19) 



[ 0 0 8 7 ] 

» . " o" c « z J: 7 « i»»tb5ue); 

* I* . " 5. 94X10" 1 °" V « r> . C 
ft Y ft > " 1 . 7 5 " . " 8 . 0 2 " . " 2 1 
b^5t**^Pvtt - I J; ? IC . 0-1 

I Bfc C tt . )K 5$ (20) t ffi I) 7 II 2 . 

[ 0 0 8 8 ] 

E» 2 3 ] 

V(o)-g/tf) 

>(2)=/>„(7) • * - (20) 

K(3)=|F V (/) 



# ft # Z . c . • ^ •t'S cx ! . ol 2 

$=<Sift-7i)<.-f5 , J^r3ra = 0. 776© 
. 0 9 8 8 " 7ft 1 ;, R'JUlft^S'Jtt 

OV?l5l*ft*B(3l, . CL 2 . OL 3 , t 

. 6 " * « o . £ ft . ± 5*1 ( 1 1 ) IC jTv 



[ 0 0 8 9 ] 

££.,S^tt075)£*l,7.V(l)=P v (6)+P v (5). V ( 2 ) = P v (7) 
+ P V (8) Sa'JSTjE<?)«g*»*SI«CH^r2*Hlflf^>5ft*.. 
[ 0 0 9 0 ] 

ore, a^^*i<x, . o- 2 . ol 3 s VfRm* t 2 a*? % z)z. t %k>v . ^ z =/ r ;u 

• / vC-^Uo C") II7R. Hac8Cyf-n^», OL 2 = 2 ■ OL , . ol 3 = 3 • Ol 
, <9f fftttiOU7ltttfi7fe. U # o 7 . C <Z> J# ^ IC , 31 ') IT iE S> «g t * H * 

f ?feiD<5i«lb<?/t7^-^ tt. S ^ ^b -tia. , © ^ ^ « 3 . c *S £ . I? tt t ? * . 

ei 3 1 3 «s an b ic at r j; p 2 ss * # » 14 ft . 50 
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[0091] 

*Lf&m*m®-i-$) j ft . iB^nmzwjjitEi, / n 0 # 1 . & <lb £ ') tx? < s ^ £ *§ 

[ 0 0 9 2 ] 

t!- ; /U 0 5>S**^Cfi^ IIt®a'*IS- U 0 ( 2 ) £ U 0 ( 3 ) Q> 2 ^> IC * 

iti c^c«zcv#ii. ^ <?> ^ 1* . ffia. , ok n # j . m<)SiJEo>i&ffetfM£iY# 

1 J ICl * M a. 1 ©*JS^btfi7>r. H31 l iRttffGCa<*J;'7*«S#»mLfc. 10 
C 0 0 9 3 ] 

H B # <5 . Itf <5*»aC Itflftt JU^ft»'J, ^ <9 ffl IS , a=0. 77 25 
CQJ^^^S^^b+ioti " 1. 755" * « o £ . # . 2 C v h <2> J* 6 

ctt- ±3(1 1) ic/fa*.a$*?5P v r, o~?<9itnc^c5V, ti t 2 C 
yf-c33-ft-rz;fe<y)<D±5*: (20) c^i&t?iiissvu7, v (1) = p v ( 4 ) . 

V(2)=P V (5) tit), SHP V (0) #^P V (8) t?<JitV (0) H 
. Pv C6) #^P V (?) *?9fttV (3) H7UJ. 
[ 0 0 9 4 ] 

Uk±G>MVi1&%.im> LD PCHf Oftf Cfill7tt, *t£fl>#IKa<?>fllClRUT. ft» 
««3-tt*i0f£ft*ZCfcar:fe#3. U^tf-^T, L D PCH^<5ttlCfill7U, ^: 20 

$ z k ti&ms ® & m a ten i ^ &^'&vm <) mm& m # j * ? v > 1 * 4t « t « £ 

[ 0 0 9 5 ] 

m £ 1 1 . vat <o £ ? i -c y ? ~z . 

[ 0 0 9 6 ] 

r a ft . t§si3», #j x isr e 4 c m t j: ? ic. jse tM 7i?« 30 

7ft^?-^D 1 itJSifl 0 V . U <9 S ^ $ 1 0CJ;o75fi7ftfe7'-9D 
1 ICSM?aTUZ«Q^fftat*<!fiZ^15,MS!2 0*, t?<D#IR»l*SJ20lC«fc-3 

. C <?> S 3- 8P 4 0C<to7i^1t7tlfefti<5H*t?5Pu 0 Cl^U7*ffify h 
VU7®^y«- 5 /tIftZ^vfl- s /IIE»5 0 it*t3. C3>4t^-|fS3l3:, 3i 

itIA*T*--J'tJtSU. &-t7*-<?D2*UTW7J<rs. 
[ 0 0 9 7 ] 

f ii! 1 ott, mim$tw.»^mm%>2.-zAL-z%.iE?ti>z.7'-9B 1 ts«t^i7Si 40 

t I . § ft 8P 1 0 It, *«Ufc*««t*IR3!l3Effi2 0£»«*<'baJ4 0IC«»?-Z. 
[ 0 0 9 8 ] 

* SS D 5& 8P 2 0 t* , 35 * BP 1 0 IC J; o 7§l7ft - ? D 1 ClI7ft7ll iJtf 9* 
JfcatMUTjKdfcS. *««l5£»2 0tt. 5Kiy)^SISo?^fi)?aQfllt/Tv-rffi*Bt«^^b 
•Hft£SP3 0C#l&*Z. 
[ 0 0 9 9 ] 

S^btift^fiPSOtt* #R*l£tt2 0CJ^7#M*:llfc3i3<?>#ttaC*-*l]7. * 
« it U & § * it « t ft 5£ t 3 . r « t> "<7 , i^<k«*t»8 OR. *«3W3t»20CJ:-3 
TJjfdftStlfeatSQtfKaCttUTft^ttQSVMffa/h*** <fc "? IC . 13- ft * t ft 
tt3. * , M =5- it +1 ft 5£ SP 3 0 , ^fciiJlfcfcS-ftQS'JMlC^UTaiS'&fl-IK 50 
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0 » MX Y £ 1 <fc J IC , l^itit^ttU ? ICITUII. i^^i^sai 3 o tt, 
[01 00] 

3 ^ ft fiP 4 0 tt . 35 * ff 1 OCJ;T7Jfinfe5*«i?a**flPu o tBfSCftCv 
hfSLS'M^ it t 1 . MUX , 9 3- ft BP 4 0 f* , ^yfi-^tZCy f-?*atZJIftCH: 
. K*i(9i*»«Pu o t3Cy HCi^ftT?. C <Z> * ?= . l^ft»4 08. 9 lr it 
8 OCioTifctrilJti^fttt^i^itt ? . 9 * ft BP 4 0 I* . fi 3- ft U ;fe S 
filthy fi-'/Iffi»5 0C*»t3. 10 
[0101] 

yy c- : /^ffi8P5 o rat , »*^tsP4o#l;#*a^tl;feg-!iMluSTl>TA l J7'7 , ;u / - 
K»«5ai*ra?^yi2-ytJiaiu. 7- >> ic . c^^yc-ycJt-jin. ? x y 7 y 

- h - (okeck node) # ? ft ? y y C - : /t I1K t ? , Vll-sfe-UDft 

ft IC I* . ><y-t2- ; y»aiSP5 0ia« iBCSt^^S-l^lStlJC^IC^'J. * y 
[01 02] 

*t. <Xy-d-V*HiaP5 0tt. H 0 IC /Tv -T J: ? IC. Z7y?3 1 CfillT, 9 * ft BP 4 
0CJ;oTl^lt7ft^^iffi<!)|l»liP u o t7>;iC93-ftU, A U77)U-F# 20 

^i^i^r^lI>;y-t2-5/ , v, ?i * ^ p v v r z v v t ic , aviRusas©*^^*^ 

1 -? 0 g & k t " o" m. ffl *. or . ^y*-^*aiaP6oia. Xyc--/t2fyh 

ic « 3- ft u , fii¥^ffip v v r i . 

[01 03] 

Sfi I) T , ^y-t2-^*ilifiP5 0tt, Xfy?8 2lCfil)7, 1$*SP V Cl^ll7, f 
iv?y-h'»iJ!li*?ll?yyC--/Uj ?)i*#J|iP u t*4D. 7 ^ IC . 36 « « © ffl 

¥ # ft p u o fic*»iiiufeyyc-=/u j 0 fit ¥ ^ ft p u ic S -y 1 1 7 , ± 3t (1 1 ) torn 

tSStfi?U^C<fco7/y C--7V t <9 fil M ft P v tJTIDI. H7, LDPCS 

^Qfc^c»i)-zi3:,»&kt''i";)siw>?!;,x>h*z. 30 

[0104] 

£ ft > yyC--/SiH8P5 0& , tfyM8[(?)2A*V, . V 2 JUJftCy h»<5 1 18 A 
IS^T-ritfiDffSJUTfi? 1 - C tl t ± 5« (1 5) IC^0*.«fc?IC*»ftlCffll)3 

iH BP 5 0 . ± 5$ (1 1) tlU7^y«- s /V( <5i$t^ P v ^. C v h & 

#J|aib7lJ CfttZCv l-Cl^ftt?. C <*> >: ?= , ^ytf-V&JttfiP 

5 0 tt . 9 =5- it M 5* £ BP 3 0 CJ; ->7*S?ll*i^ ft*?i^ Ittl. 
[0105] 

m I) 7 . / yfl--7»I|15 01*. 7fy?8 8C»l)7. l&k *NJ; 'i H»S 
»t?Jtt3. 40 
[01 06] 

^vC-S/'fciHaPSOtt. IlXk ffN t X < « U t 9 ^ flt U feS^ C& 

7.fy?84\«itffft]. 
[01 07] 

117, ^y-t2- ; yWiBgP5 0«;, Xry?8 4i:3ill7, * & ft IC ffl 7J * 2 ft ^ $g £ * 
UT^^y^-^Vt t * <U) 7 iE 7J L . -a«D»at»TtI. 
[01 08] 

^y12-y^aiBP5 OK, C<9<£?#-®0I#lt&2C*C<fco7mWU;fe*y12->'* 
t&^-T , --?D2*b7?hSPlcai7Jr3. 50 
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[01 09] 

C © <fc ? VtSi^nW 3 I* , ft \t n 1 1 IC«fc- 5 TS*fc?fl.TJK4i?*lfeT'-*D1 c *s 
c 0 1 1 o ] 

C © * 3= , ft ^ R a 3 I* . »»Mt» 2 OCJ:-37*ll)iiftfeJI«®*l[oC«U749 
«<S>SR I Jft$#ft/J\*$!3«fc'?C. *3-tt't#;*:£a33 0IC<fcoT*3-ib'l'lt;* , £l-. § * 

<t © BR C . j*^?*!.*.!^ ft +!©-!&£* h a "? ft 3- ft f I . 
[01 1 1 ] 

U^tf-^T, ft ^ £ 1 3 t* , fa ±t it, iSiliSC&^tlCV^-??^. 

[01 1 2 ] 

o riC. ^L/^a7-LDPC^-^©^^^b5lQac?VitZT'^9 , U-- 5/-^>X©fi)l 

ttcisi*z«#r«scoi)T8i*j*-3. 

[01131 

7 7tif j. ? < 7 - • y-7>na, & a m c ft it 3 " 1" <?>ffl»Q**t* 

21) ic /tv f is » x ( x ) * u . m a <f ?u c * it i a 5 m ( ) © " 1 " *b 
ictiitu, (22) c at r si & p ( x ) -? ft r . 

[01 14] 
[& 2 4 ] 

' • '(21) 



[01 15] 
[ & 2 5 ] 

p(*)=2p,* mi • • • (2 2) 



[0116] 

cc?, i/^i^-LDPCH^QttfifijyicajitiaE^fii ( w ) © " i " <?hb » t ft r 

±au*.otvic>SJ6t2BBISlX (x) © }* & n t I* . IS<9^)!tZ. C ft I* , »! » n t 

±S! (1 1 ) cfvbjtifrjijfa*cftu7a$*« p u »«»fflvs 

') . *t & 7C g Jt -? " 0" >: s I lil # £ U > 2H'y hici^itt?:);*?^ 

D*ISttS^-rZ^>4-?^?. ^tli:«L7, H*a7-LDPC?i^-<9«Sfi5 l JlC*)rit 
I * I* ( ) © " 1" <?fflRtSt±abfeoLcC*i»t?RISP (x) (jaSni! t* 
. ^RXttflROtafltBftSll. (2 8) C ft T £ ? C . IS & A. (x) 

tZft©3ft]#«i«3*fta:-?*ftU. ^ © M n t H7, " 3" V«l(5fl!ntfflii 
nUC. >X 5$ (24) CfvtJ; ? C, m & x> (x) £2ft©*i#iJ*3*JS5*:?ftja 
tU«)VtJ. 2 ft > S; 5$ (2 3) C ft * ft » A. (3) I* . #1 B ft ?'J IC ft it I If £ ft ( 
5'J ) © " 1 " © m & * " 3 " 7»J)lSJ^tf U. ft & X ( n ) IS , & a ft 5'J IT ft it I * £ 
ft ( W ) © " 1 " © « & t(f " n " ?»7SJetSU7U?. * . » 3) (24) IU ft it I 
«p ( m ) tt . ** a ft ?'J IC ft it I ft 15 IS) ( It ) © " 1 " © IB & # " m " 7* Ji ? § t S 
u. ft & p (m+1) i* , « fi ft J!) c ft it 3 ft 5 fa ( ft ) ©" 1" © 4i & # " m + 1 " "? 

J) ? IJ^t^l 7 II I . 
[0117] 
C» 2 6 ] 



(21) 
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k(x)= A(3)c 3 + A («)*:" 
fcfcfU A(3)+A(n) = l 



• -(2 3) 



C0118] 
[ ft 2 7 ] 

p {x)= p (m)x m + p {m +l)x n 
fcfcL, p {m)+ p{m +l) = l 



m+1 



(2 4) 



[01 1 9 ] 

* . ft ^ ft * # " 1 / 2 " <9 J* 6 IC tt , 35 5$ (25) IC * "T ^tt & ? ft 3 . 
[01 201 
[ ft 2 8 ] 



i[(A (3)/3) + (A («)/«)]= [(p (P 0» +1V0" +1))] 



(2 5) 



10 



[01 21] 

, (26) IC /Tv f d; ? IC . fcfifiWCfiritzaiElifl ( ft ) <?> " 1" 

ft © ¥ t /Tv ? A ? * - ? cl c (eve) ±5\;(2 3)£^±5S 

(24) IC ft it 2 « ft A (3) . A (n) . P ( m ) . P (m+1) 
[01 221 
[ft 2 9 ] 



dc(ave ) = p (m)m + p (m + l\m + 1) 



(2 6) 



20 



13. 1504 



[01 23] 

77, BtfffltWTcfvt. JR ft . JJe ft n IC -a n T , n = 9. 1 1 
fflu^u, ft m ic -3 i ) "7 rac . tn=6 ^Ufe»6CTii7fiTfe. 
[01 24] 

tr, n = ? )!Ufe»ftC-3U78lflt?. CU?tt, lt<9tKot" 0. 7 9" Y U 
. ? >4 IC . ±5\l (26) C 3i( >t Z A 7 ^ - U c (OLVe) t 6~7 <t? tTi 



B E 
] 



V . ® 6 "f 15 
9 cL c ( ol v e 

o 9- 1 o 
[012 

— > — > — x 

, JKSC ( 
I) T II 3 

[012 

[ft 3 0 



J# ft , A 7 ^ - U c ( a. v e ) 



* ft ^ <?> » 'J flt**©IB«t5K4bZ 
ft . R]HICftitZ*litt. A 7 -X — 



) tfvi, ma 

R ) tfvUTU Z 



o) j§ e ic tt 



C ft t 



7 ) IC /Tv * <£ J IC . V 



6 ] 

] 



V{0)- gP.(f) 

K(l)-P w (l4)+/» V (15) 
K(2)=P v (l6)+P v (l7) 

K(3) = |^(0 



1 o" *svr3*jft*i5 (i 



(1 1 ) IC /T\ u 51 * ft ffi p 
2 KT v 
( 1 ) 



ic m j- ft t j 

V ( 2 ) * U 



IC R 



13: , 



( 2 



t > si ¥ ft p 



3 1 <z> m V 2 

0 ) <9 « t> ') IC 
<9 2 JS © ft t ffl 



•(2 7) 



30 



40 



50 
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[01 27] 

ISI B » «5 . A 7 / - 9 d, o (a.ve) #" 6. 6 7" C , KMlTjEft^SIVflt*** 

[01 28] 

*t -C ? . «7^-Uc (o-ve) t " 6. 67" ^U^^^Q-fe^^MS^^JtEt/ 
N 0 *a^-8fc<D»'; 1 0" t£*-f3*S&&!5 ( I o f , o BER) * Q H # 

l^itEi / N 0 C?$»*33tS<D#tta£Z#£ l JJT:E*l0Si l ;MPfc I* . » * 3 C « 

f til ~? & 3 o £ , |BlElC*it23t/BiaJ0Ltt. A 7 / - ? cL c (a.ve) t " 6" ^ U ;fe 

» £ , t « t> t « U =F a 7 - £ (3. 6) H§<?»ftC-3U7S07U?. 

[01 29] 

[£ 3 ] 



^3 Eb/No, a, P h CDHfl^ 



Eb/No 


1.40 


1.60 


1.80 


2.00 


2.20 


a 


0.8511 


0.8318 


0.8128 


0.7943 


0.7763 


Pb 


0.12 


0.1146 


0.1093 


0.1040 


0.0988 



[01 30] 

P9 H # * . U =F a =7 - 2 ( 3 . 6)ft^lCtt-<> A 7 / - o ( a. v e ) t " 6. 67 
" k 4 \s * x *7 - & n^<Ol5#&.m#fo ±tl Z WWII . 

[01 31] 

orc> n = 1 1. 1 8 UfeJItOliTSWtJ. n = 1 1 V L.*.«fiCR. St S <?> 

* JR a t " 0. 7?" * U . n=1 3^UfeJ#-&ICf3c, JIS<9^Hat " 0. 795" Y 
U . A?^-Uc (ave) taHt?t±T»#f-£fi->fc. A7^-Uc ( 
o-ve) *&^&tj>i3')<ii$*<i>ia«t5K<y)2>:, n = 1 i <?> » ft c I* . B 6 + ft tt 8 6 
IZ? /T; -f £ ? £ i&S S *l »4 tl . n = 1 3 <D » IC I* . iPlHl'flSSaJclC^-r^TSiSSS^^ 

* *t . £ ft > U <9 * r , 1*»*P ¥ t ZCv FCi^ftt^iClt. iS (27) IC 
fv U J; 7 C - V (1) . V (2) H7, 1**«P» d) Z «<5Slt 1 II 7 II 3 . 

[01 32] 

H H # >i . n = 1 1 <P » d IC , A7^-Hc (a.ve) If" 6. 96" 23 
') ST I * ® S «J 5t * # * /J\ IC * *J . n = 1 3 q) *§ ^ IC t* , /t^-Uc (otve) # " 

7. 1 2" ® » e c . a';sTjE*<?)gs«;a*»*/j\c«?c>£»f^)»i. 

[01 33] 

■t C "? . A7^-?Ag (cxve) t " 6. 96" . " 7. 1 2" VUfeV^-fs^^St 
Jt E t / No ^§t<5i'Jii(!)" 1 0" tj£*-fi**s*!e ( I o 9- i o B 
ER) *©B8«-fc«4ftZ*. -t tlT ft > B 7 f » S c . cLCn*-t«fc7S«*ffi§ii*l*L 

[01 34] 

[01 35] 

* tt C . n = 1 5 HfeSeC7ll7^*t ^. CC-?tt< ±iC(1 1) 51 U 5t * * 
4P V tl^itnBC, V ( 1 ) . V(2) H7, 5t*7>?fiP v 0ZJSc!)fctffll)S 

7>S5at" 0. 7 9 5" H, A 5 / - 9 <L c (ctve) t 7 ~ 8 © ^7$1t ^ tt 7 

? « » tt « A =7 / - d o (cxve) til, Iff Hi i* , «f t^l'J 1 0" tS 

^l^le ( I , o BER) t f U 7 II 3 . 
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[01 36] 

Haas, v (1 ) . v ( 2 ) ht, 51 $ ft p v ©3JH<?>jfetffli)7»6<?)S*tt*g 

»f fil ± L , (ave) 7. 6 1" 9 :* £ IC , avn"jEtt«98S^«l*# 

ft /J\ C « 3 C * flf t) » I . 
C 0 1 3 7 ] 

^C~?> V ( 1 ) . V ( 2 ) H7, a*#*liP v <53Jl<3>fctElK A 7 X - 9 <L G ( 

oive) t" 7. 6 1" y i &y ? Q^^nmrnrnt) &E b / h o Yfc^&Qm') mm® 

" 1 0" tl£*TZ*ja*§5 (I O * , o BER) *Q>iff!#-£*<y)3*, BTHSI 
[0138] 10 
[01 39] 

. ^l/fi7-I§(5SftCft, 7^7') - • 5/-^>Xt^tlSX (X) ® ft Si JR ft 
ntJUD?ttJ0CU8ll, ft«E#(Sl±t 3 U 
[0140] 

c -? . isi (x) ®ftffi3:»nt?i*c»jto?ttz*y®j;"y«»tttffffin.z#fifl 

-s. *L . * . R ft A. (X) t2fc©fc#>5«Z£Ji5*:-*£Bi*3J*6>£3JS<S>*l#*«Z 
[0141] 20 

* r . is ft a (x) t2Jicz)?o»^«^#jas;-?^Jiri«d. r * t> . ±j\; (23) 
tffli)T«a<fWca5rit?**iio ( n ) © t* < t u - • 5/ - * > z t * a r z »6 c o u 

7 M ? } „ « » . C<i)^, »fifi3lCfiritZ*£fo (fi) <D T < 7 'J - • =y - ^ > X 
IC"5 II 7 tt , ±5$ (24) IC ;Tv U IS ft P (x) tfiU7*tt9UJ. 
[0142] 

t" > =y x < •xac;U-V3>C3Tfl)TI3:. H ft A (X) #1jC (23) IC<fc^7^?ftZ 
& £ IU > X 3 <9JBlC*fl&r3tf*#*6l*. ± 5C (1 1) J5 Z* ± ^ (2 0) t JB U 7 Jfc to 
- £ . t* y v t < • xtk h - 5/ 3 y ic ft u 7 is > x n <<>JSic*i}?-ze&- 
iifriSStt, gfy-'Ji^l^ (Fa.st Fourier T^ansf of m ; JUT 
. FFTHI?. ) tlU7fiKV»?H. C<5li^ii*-3*»0tt»tt. P v (0) 30 
#^ P v (nf ) (nf = 7 + 3 ( n — 1 ) ) *7tt#AZCfcc«3. IS t ? » c 

hClHtli, ± SC (20) C fir it 3 V (1 ) . V (2) t1J»"?*t<9-?Hc«<, 
2-3Ji*.±®Jlf*0^^»tt«B*mi±r3. C<!)iTft(i)fl9V (1) . V (2) t $t t 
JlftktSHtT-ttfc^r^&figtlB^fe. 
[0143] 

c<i)ltiri:fiii7R, ^ : t ii- • x * -o - U 0 t3fv t- c 1 ^ it t 2 B <9 ± i u 
3 * it M a. , . ot 2 . 0L 3 tt. gclilttUO^: I, Jl'Jllf ^ctoT^'JSli 
»?)fS<{)I):{i!ofeU<5»i<!)*»at«i))fe. A ft «) IC ft , C9SttCSH7tt, R 

ft a (x) ipsantn, a'jauft^tHDS'iifaf 1 o " 3 " * # z *§ ^ * " 1 40 

0 ~ 6 " )!5]»^);Coll7, 311 ®*Bo»IX^SUTi:. ±5$ (23) IC « it 
3 « ft A (n) "£ ft 38 U £ . 
[0144] 

u 0 j# ft n * a ^ & <?> is* si $ # " 1 0" 3 " y # 1 y * vsa^ <d o y o>m% 

t 5K d» J )> , H 7 Cfxti^SttStfil'jftfe. S ft > H B IC ft U 7 ft . 51 ¥ ?> *fi P v t 
2Cv FCl^ftt J»C, V (1 ) , V (2) t*tJl&ktA7/-m, k = 1 
. 2. 3. 4*U2L*riCfiitZ3f<li'F, *t ft T ft . * tt » a. . & i . c. <£ 7 « U 
711?. 
[0145] 

H B # H . k = 3<?)»6C*ett«g»f|iO±tlCV*t)iM. <fc *) * ft tfl C ft , k = 3 <2 50 
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» S . )* ft n # " 1 9" £ 7 1* > n^Jtait V esulf <5*ii!aftXf < - 

»«jirz®e«H:im±rz». aunt" i 9 " & ') t x ? < * i y . *t s © * « a i* /j\ 

»«J8T:E<5tt«#SHt*3C>:;fr:b#Z. C <?> Ji #r # <4 , ISMITjE&C!)^ 1 )*! 
It" 1 0 • 3 " Y t J Y * IC tt . JSft k » " a " <0 H ? B.->WBLn#" 1 9 " Q> V 3= IC 
IS 'J ST IE <?> tt «g # g A V « U , ^Q>V?©*tS©*SXa<Z)**flid: - " 0. 837 1" ( 
E t / N o = 1 . 54oLB) ^«3«S»2Jf»»5il^. * . CS^^^&ftA ( n ) tt , 
" 0 . 3 0 8 8 " V « ') , & S 4r ?'J IC fir it I 18 £ ft ( ) <9 " 1 " <0 ffl ft <0 ¥ Hd til P ( a. 
ve) ft, " 8. 1 M D" Mot. 
C 0 1 4 6 1 

* . iK&nVft^ft^SS'Jflt***" 1 0" 8 " *£3V?=0>afS<93-fKa>:Qia«t* 10 
iDJV, 01 0IC;T\tJ;?«*S*##iitl;>=.. £ fi - HHCftll7t. fit*#*6P v t2 
Cy hCl^fttllC, V (1) . V (2) t * * JH» ktit7^-ni, k = 1 . 
2. 3. 4. 5*Ufc**C3TfiJ3*!ttt» ** ft 41 . 91 3§ fiP gl , ft & f> . c. cL , e 

[0147] 

ipi e » >i . ft n # " 1 1" i'jurnfscu, k = 3<5^^ic^te^^(Pi±r? 

C * # # 3 . <fc A flSl IC I* . k = 3<i)Sft, )X ft n # " 2 1" £ 7 , n#»ilDt 3 

^icvesustg^jfcat**?^'). a';irjE<s>tt»ii*fii±t3#. »Snf 21 
. H'jsijEft^svasPt" 1 0 ~ 6 " >: f 2 * $hc 1* , ji ft k # " 20 

3" <5niTXIi!n»" 21" <0 Y 9= IC IS M SI it<0 « & Y « ') , © * ? © 21 S 

^^KacJlXflS, " 0. 8068" ( E t / N 0 = 1 . 8 6 4 oL B ) ^S^SIifi 
<» tl . * , C^Hlli (n) I* . " 0. 30 1 0" Y S ') . J* S W IC fir it Z 
« ^ IS] ( 45 ) <?> " 1" (SHIft^TWfllP (xve) tt. " 8. 09 6 " V 2 o £ . 
[0148] 

C <9 J; ? IC , ISl (x) ^zm<i>*}ftv>#J$iRjKi!>%.mtJm£;Ctti, )X ft n IC > IS 
[0149] 

ore, 18 ft A (X) t3JS©ft»^5l^JS^-?^Ilt3«$> * « t , (2 8 

) tffll)T«fifi?UC*it2«^lql ( ?'J ) 97<7'J - • 5/-d7->Xt*a-r?»eiC^> 30 

U 7 ft Bfl r 3 . * fir . C © V > «fiff?<JlC»it?«»lPJ («) QT < ? v - ■ V - T y 

X IC o I) 7 tt . ± 3* ( 2 4 ) IC « U ■ ft X) (X) tBUTltHVtJ. * . )X S 

(28) IC fi it 3 )Xft n , . n 2 tt . ^tlYtl. «?SiH<J)U2. 

[01 50] 

[ ft 3 1 ] 

A (x) = A (3>c 3 + A (n, V' + A (« 2 

fcfcU A(3)+A(«,)+A(n 2 )=l • • - (2 8) 



[01 51] 

C C 7 . ft •§- * # " 1/2" <*> ;» ^ IC I* > 

[01 52] 

[ ft 3 2 ] 



>X5\; (2 9) ic^-r^^^^iorti?. 



i[(A (3)/3) + (A Oh )/«,)+ (A (« 2 )/« 2 )] = [(p On V«) + (p (m + 1 V(« + 0)] 

-••(29) 



[01 53] 

fHftp (x) IC ft it 1 X ft m I* . ± 5« (29) IC ft it 3 « ft A ( n , ) . A ( n 2 ) # £ 
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x 14 ft *l v ?= . o < p (m) < 1 u?BSmn7*«)?:\!tf?n. 

[0154] 

»ttC«U7R. ± * ( 2 8 ) -*$L? ft 3 dft X ( X ) OH7. ± J* U £ £ ? IC. X 3 

©*c»*j»t^a***t. ±5! (1 1) & z> ± (20) tfflii^sKWT^^ec, x 

CvhCi^fttJB<5ia (20) C «5r it 7 V (1) . V (2) IH ft X ( X 

) t2JR©jfD#H«i*«a;?*au*.»dictt«**A-?ih-3*.*#. tstt, ft 

n i . n 2 # " 1 1" ;U<9^fC3Jl(k = 3)7*$tt<i)nt. 
[01 55] 

c<9«wi:3jii7ii, bb t5i x (x) 9»an, . n 2 t # it , avaufc^-ft^ss 1 ;** 10 

# " 1 0 ~ 6 " UZSftOIIT, 3tS<9*»a*«XV4l2 < t7IC. ± tC (28) C 
* it 3 * ft X ( n i ) . X ( n 2 ) t * it U £ . 
[01 56] 

)£ft n 2 tA7/-HL, »Sn, Vftf«9a';**»" 1 0" 8 " Y s 

HBCSinii. n 2 = 2 3 . 25. 27. 29. 31. 33. IIYb&YfK&V'i 
ft ft t , ^ ft Y ft . S » » a. . ^^gpfc. c. <L. e. f. >?S17UI. 
[01 57] 

n M » K . n, = 2 1 <5»dc*tft*#fil±t3c^»fe#?. U # £ , n, = 2 1 <9 

ig £ IC I* > ft n 2 Q fil C <fc ^ ?* . ltS<i)^IKo»-tV5 J. i'Jlff^ 20 

ci*. »: ft n , # " 21" *-?t*. n 1 tfM;tDTZ0ic*fcsu8i£<?>fl'JKoi*x? ! <« 
') > a«;giz©*t*i*fti±-r3*. » » n , t " 21" intntn, § 0 s> jk 
<s'K syffjE<&ft**H*t**;:vff*>#z. c <?> 8 n y, , a «; si 1 « <?> 

K U «t * t * ' 1 0 " 6 " VtlVfCtt. HUk»" 3 " ® Y * a o ft n , » " 2 1" 
<9 * Sfl V II iE Q £g # ^ & * £ •) . *<?>3tS<i>#JRa<D**lii*. " 0. 80 

68" (Ei /No = 1. 8 6 4 cLB) ^ 5 I glffi ^ tlfe. C<i)n, SSl (n z 
) (* " 0" V £ ') . mi 0 CfvlfeilU (X) f2Jl©5ft]#»54S3£JSa!-?*ffifZ:» 
^0n, = 2lQV?cp«£*V-f5b^. 
[01 58] 

t C ~? . BjitSUJ', n 2 = 2 1 Ufe^f CfillT, )J3ftn, Y & Q m <) &m & 30 

" i o~ 6 " Mn?9if<9*soV(!)i«t«ii)n. # ft x ( n , ) tun 

Ji e IC l* . SIS^^ftattX^KSStf, « ft X (n, ) tJEfit^U^-Ji^lcr*. MS 
<9#ftal*/Jv?-<£Z*l)?SSS#^i4ft;fe„ fSfr-t?, «ftX (n, ) t" 0" VUfe 
*dQ>ttlE»flJl-?ftZVU7ttiR»»iSftfe. C ft I* , 11 o cfatlSA. (X) t 
2Jlcpl]»ii55?#jM^;-7^3ar3«ftCffl3f3. 
[01 5 9 ] 

U -a -Z > SUJlZtt^SUflt^t" 1 0" 6 " Y t J Y ? IC *t « © ft a & MX Y 2 
2 H ft X (X) . /o (x) I* , t ft Y ft . )X S (30) £ ?jf )X 5$ (3 1) ?*ttinn 

[0160] 40 
[ ft 3 3 ] 

X(x)=0.699(b: 3 +0.301 Ox 21 • - -(3 0) 

[01 61] 
[ ft 3 4 ] 

p (x) = 0.9040* 8 + 0.0960* 9 - • -(31) 



[01 62] 
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, . ou 2 . ol 3 »> ^ tL T tl « " 1. 60?". " 5. 542". " 24. 124" * # 
[01 631 

C©d;?C> IS IX A. (x) ta*fl>jfb#«5*?**iC?*5ir^JldC*, X&n , c . 
WVlTjEOttflBt***** I##4t 3 SI & X (X) -?3JI 

<3>fr#«S5SZ£JB5S?liBEUTe. C<9^?9Mf <9*)lat, IIU (X) t 2 Jl <i> ft 

U * # ft # o 2l «, t , BB & A. (X) IS . 2JES>*0#^SZ#J!j*;-?^3St2<9#--? 

+ 10 
C01 64] 

JX±<9lg#rSSS#>4. i5-LDPCS*Cfill7tt, St*<?>*«a<5flllCJ6D - 7 

« M&X!?' 4 7 V - • V - tr y Z & &4i^<Oto0M* itto#1f&.t 1 ? )£ #t># J . L 

* aI\ * « * «fc 7 c . f < 7 'J - ■ ! ;-!r>zS&l^ltitfitt]9»Stuii:)(» 

T*ts<4)*ssa#«xv^2^?ic. 7* < 7 y - ■ v - >7 y 7s Jkvm* itmt t& £ r i <o 

* ^ £ U U C * 3* * 7 It . 
[01 65] 

£ # ft) C fS , ttSftWCfirifZlB^liO ( W ) 9 7^ 7'J- ■ 5/-^>Xt*tBSi (X 20 
) * U 7 fS , & fi ?'J IU ft if 3 « £ l°l ( ft ) - • 5 ;-!r>Xt*tl&P (X 

) <?> » m t f It I 7 , S-fcSttfc&fc^frJRaXIS^fc^ftfcft^-ftOSi'JMCtt 
Hfiltt :<i)H, Z V -r ^ • ^vt!-7ti^tnSI<!)l^ 

<b « a. ! . a. 2 . a.j CTii7tliHbtK^?H. 
[0166] 

* . R & p (x) H7tt, 13 (24) C ;Tv U J; 7 IC. XRtR'Jft^BStn. m 
+ 1 >!lfeZfli(5!Sl»Hft?f «3?*at3C)J»?f 3. S 45 ?'J C fir it 

Z « £ ft ( ft ) ® " 1 " © ffl IX © ¥ « ft P ( OL V e ) - # J- it *§ OL , . OL Z . OL 3 . £ C# 

HRX (X) t , *£*tlfc«ff<5ttJSoXI*£;t*ftfc*^«<&3VMC*iU-Z«* 

ittzcy#7n. 30 

[0167] 

7 * C . BB ft A. (X) . P (X) * U T IS . ±3 (23) JkZs±j% (24) IC/TvU^J;? 
[01 68] 

[01 69] 

t«fct. ft ^ S 1 IS . fflitttB 1 2lC/Tv-r«fc?IC> a*H<?tt*t«tt 3 f f * 
;Ht5£S36 0 * > C<9?-r2yUffi5ESP6 OlC^^TtiSUTjK^^ft^StS^^iXalCS 

-?D7«i^ i fef- < 7 'j - • ^-^^xtiiiitj?^ 1 ) - • =y-^>7Sitia37 o 40 

* , u © y < 7* y - • ; y-^>z&wsi57oic^-T>7&ai7tt.;fe.7 : **7 , y-- v -t y z 
cafe-^uT«fi4jwt*Ejfr3*afi5'j*jiJfai8 0 * . c o> s « $y * bp 8 oic^^t 

[01 70] 

f-r*/-Utf£5&BP6 0IS< I«JJ9ttStffi$L, 3tS<9#iKatjfc<y)3. f -c 2 )V jf S BP 
6 0 IS > SJW*.3tS®*lRa®flSta l vTrtt*t7 :, ^7 , y- • V -7 > Z » & SP 7 0IC&B 

r 2 . 

[0171] 

T < 7 V - ■ V - 7 y 7% & W 1 0 IS . f -p * ;HSS! 6 0lC<t;o7f WmifeMtQt 

KalcS^l)T« *HfcUfe7< 7 y - • ; y-7>7tSHSt?. * « t . ? < 7 'J — 50 
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7&^-«®3S , ja*aif*/l\*«Z«fc7C. T 4 7 V - • V - T y 7L*U&t1 . £ , t* 
C I* . T**? ,| >'--y-'!7;/7&M&57 0l3c. IS & p (x) 9»;!Smti£U 7, * X * 

tLjfe«**«5««;a*c>3UTJUHbufeBBRx (x) J5z#*»ffwc*it?«*mi ca 

) o>" 1 " © (5T«ffl ( ol v e ) tilt?. .t'iMU <tt, 7* < 7 'J — ■ V — 10 
*>X*illB7 0li. ±5<C(2 3)£&f±5\:(24)lCyTvl.£.J;?IC, 2Jl<?;fa#»4£2 
*JH^?*«b*.*Ji^U*.B8»X (X) . P (X) t!Mt3. f < 7 'J - ■ V - 7 > 
X «L ili SP 7 0 (3: > *JtlU*.7'<? , y--5>-d7->Zta 1 vrtt«t. ^afi?'J*5)igI380C 
«»f I . 
[01 72] 

- • V-^^ZCS^llTltlffjytilSf ^ . Klff^J4)$S8 OR, £ 5S? U 1 
5yt7?^-ft6P9 0C#*&t3. 

[01 731 

7f^bS59 OR. S ft 5'J £ J* 8P 8 0CJ:->7±J«ttlfe«Sff J"JtfflU7L DPCH? 20 
c«fc3??*<ttfi7. A # ft iu I* . 15 * ft 8P 9 0 I* . «fifi?Uc:*-yi)TasKfi?ytS35» 

U > C®Sflf45?yt*«Cy F)JU7A*7ll2AA7-?D3C»iU7«*tlC)JC 
i^7l§Cy h VU7<9?5§it7'-^ D4t4)Sf J. 7f ^tt & 9 0 « . 4fl?b^.?f^ 

[01 74] 

C<5>J;?S?f-^ttf£Sll3:> Sie^^fiXalCS^DT^jSftb^T'^r 1 ;-- =y-^>7 
Cl^<ttafiPJt«ll7. A*7*-* D 3C«t?H9fttfi7. itl^ll C 

J;-37?f§lt?tLfel3§ltT'-9 D4IS. # " 0 " (PHtCv h#" + 1 " C 
1" 9S?Cy -1" H t fe J; ? C 0 /fa 5 U$1S C J; -3 7 Y y C > 7 7 tl 

T « « r tl , BfS©a*BZtAl;7J«tliCJ:i7JJ«7*L?Cl!CS? . 30 
[01 75] 

- £ . t§^!3 H7tt. $felCl2l4lC/TvUfeto)tffll)+L« , ,fcU. * . t* - * 35 ffi 

ol , . a. 2 . OL 3 t5K(y)lC^^-??=?C^»i4. jfc dfi ;fe § 3- -fb 41 ol , . ol 2 . ol 3 <5M1 
tSr«*t. fi^HI3C^l7litI J:?CU7t ill. C <9 » # . t§^13 ^ 
I7tt, H4Cf Ufe*IRai$ff 2 0&&i*<b**£»8 0 tfiit < . DR 

[01 76] 

± §fc BE U ? IC , *5EBB0S*<5»fl^ U7fafe7-?iiS^ ; y7T/*CJiit^7i 
* -It I* B 1 I* . ^^^ffi3lC3Vl)T^€ffi ) <! : '§y-h-^-?JSS7-^I^y-G--7 , t'>^l) 40 



£ > t^^i3IJ, Sitf # / - H ^7gS7HI /v ^- ; /t'>5l)^' y f-S?S 
JS T I IC > Jtf©*ii!OIC«U7fi§ilQ)l l JS$#f/J\V5JJ;?C. £ £ > # £ 

3Ci#7f , IiSCLDPCI^<i)t§tffTUV»?f^ 



[01 77] 



[01 78] 
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[01 7 ? ] 

ffglUiiSbTsJiBflbfetf. *SS8flf3:, #J |£ . 7 □ * C - ( S It Si H ) t* -r 7 7 . CD 
-ROM2ISMO (Moi^neto OPti c) V U o . IM, ft^ttitfiKSiT'-fX 

V t ? * Z . C <9 J# . ft^ti?SC.£^-7ft^t?-ti;fe7 : *--$'tt. a«»c¥«*?-ti 

[01 80] 

?*.;fei$S-?;&3£©VbTg5£Bflb;fe#. Ctl^<i)?5f ItiiJJcftfJIlVfc, 0! *. I* 
7-7Xf-5/3>'^A-y^il/D>fi-ni)->feD>Ci-^IIC3ill7iff5I 
«5V 7 f-OiJVUTSSt fT, U(5flCTll7, SI 1 3t# 

91 b T Si Bfl 1 1 . 
[01 81] 

□ >ea-*R11 5 013:. |b] El IC m t <fc ? C . S§ t tS U 7 *J« t 3 C P U (Cen 
tJ"oi I Processing Unit) 1 5 1 V . *l?D77AtSt-«it« 
IBtJttfrS'JlSUROMI 5 n, 7-5l'J7n7S«t JRAM (RanoLo 20 
mAcceSS Memory) 15 3V, Sl7D77/.f7' - ?¥<5i£»S6i/)Jtt 
Sttfi?HDD (Hard Disk DNve) 1 54V, Utl^CPUl 51 
. ROM1 52- RAMI 54t»»t?AX1 55V, CPU1 51 
, ROM1 52. RAMI 5 1 54Vfc«rz*mBP1 57, A 7J 8P 1 58 

. & ffi ft 1 5 9S&fh" 7^7 1 6 0VQ^-?T*-'?^AHl77tfi?^(y)<9Aai7b'<>-5'- 
7 x - X 1 5 6V. ft 9 ffi W t $. m t 1 /Tv 8P 1 5 7 V, i-1J»C«fc3*H'FtKitttitZ 
A 73 95 1 5 8V. *aJV©a*t47"?*.W<?)ffl*aJ1 5 9V, *ffi£tlfeV^tl?!e»«# 
1 7 0CttT7^«tt«©Se»£&f/XI3;«£tff7h ,! 7<f7 , 1 6 0 Vti^ J . 
[01 82] 

CPU1 5 1 tt, A 71 5 5tM7ROM1 52. RAMI 5 3fif HDD 1 5 4 V 30 
Wt b 7 ft <J . Utl^ROM 1 52. RAMI 5 35fHDD 1 B4t#JttJ. * *L . 
CPU1 5 1 It. A 71 55t7>bTAiii7W>'?-7i-71 5 6 IC Kft U 7 5j V , C 
©AS^-f >?-7 i - 7 1 5 ec»«^tl7U3*aBl 5 7, A 7J Sp" f 5 8 . ffl«33 
1 5 ?«&F5'f7 1 6 0t*J*tJ. r^C. C P U 1 5 1 IS , ROM152. HDD 
1 54XttF7^71 6 0CfS«?tl*.lB»JSH*1 7 0 7 tl 7 U ? S8? D 7 7 

[01 83] 

ROM1 5 20:, ft « 7* □ 9" 7 ^ t t »«U 7 II I . C © R O M 1 5 2 C & $ 7 

H 7 II 3 * * I* . CPU1 5 1<5*U«><3>TlCtt*fll7*l.Z. 

[0184] 40 
RAMI 5 3tt, CPU1 5 1 Sl7 D 7 7 t Sff t 7 - 7 I U 7 V U 7l»« 

b, CPU 1 5 1 <S)W|IQTC, ft«T , -5't-Btie^tI. 

[01 85] 

HDD1 5 4tt, CPU1 5 1 <0 S'J fcP <0 T IU . A - h' ? < 7 7 IC Jit L 7§l7 O 7 7 i*^ 
[0186] 

A 71 5 5 1*. CPU1 5 1 ROM1 52, RAMI 5 3SCHDD 1 5 

4#>Jtt*fli?*lfcftjS7"-*#t£15Srz*>:T&C. RAMI 5 3Sf HDD 1 5 4 C 

isar j ft«7*- ? mtfcmt i . 

[0187] 50 
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Aili^'f > 5-7 i - X 1 5 6tt, CPU1 5 1 <D VJ <8& <0 T IC £ m fiP 1 57IC§affifSt 
*ftifell)ii)0>-7i-ZL a.--^IU<fc^TA*SPi 5 8t7>b7J*fF7tl*Lra 
tt/ltl'JSJl^tCPU 1 5 1 IC^U7fi«t7fc^<?)0 9- 7x-X^ CPU1 
5 1 <5t'J45P<9TCliSP 1 5 9 t *V U T * gp * 9 SB ? t" - 9 t A 77 * I V) <9 <f > * - 
7 x - Z * , I-' 7 >f 7 1 6 0ICH*7a*.§el$&ftl 7 OlU*JUT : &;II>l**KS>§e 
XI*«*tfi"yfcM<?>>f>*-7x-7V"£*U. CPU1 5 1 , R 0 M 1 5 2 , RAM 
1 5 3SS*HDD 1 54»^7*-9t$*fl 57, A 7J Si 1 58, Jl ffi 8P1 5 9 £ 

h - ^^7*i eoic^UTai^ujL'j, * m a? 1 57, a tj sp 1 58, a <(§ sp 1 5 

5^71 60»^f-nCPU1 51, ROM1 52, RAMI 5 3 £ H D D 1 5 
4C«l7A*Ufe l ;tI. 10 
[0188] 

^fvf 1 5 7IJ, iiffLCD (L t qu iot Cfy Sto, I D i S P I a.y) »>i 
ft 'J . CPU1 5 1 Q *'J Q T IC, flJ *. f* H D D 1 5 4 ClESt H 7 U -V f <i) Si 

ifiS *6 t * ffi * 1 . 
[01891 

A 7J §P 1 5 8 r* , i^Ki-fCJ;^ t-J:- h'^Y^X^WtttKittttf. ft ft # t 
Sttl»«^tCPU1 5 1 IC*}L7M7J-f3. 
[0190] 

» « BP 1 5 9 f* , CPU1 B 1 uai^TC, #J f£ * y 1-7-911 **filBJR¥CJ: 
i7»»Hl«tfiH>»-7i-nb7fIti. 20 
[01 91] 

K" =7 •< 7* 1 601*, #J X. I# , 7 □ y C - (S«II) f <Z9, C D - R OM)JIJMO V 
Do*., 58 ft , »*f**5aftT*^Z7#<i>leSt«l&1 7 OtiffiL, CPU1 5 1 <0 *U 9 

0tc, »*?*i*L8E»*tt:i 7 oic«-r^«-aafgQietiiJ&f/^ttsatfi7. 

[01 92] 

C<9J; ?«D>Ci-9Hi1 5 Of*, CPU1 5llCJ;oTFI^<5»7-D7"^Atll<7-r 
[01 93] 



□ >Ca-*f*ai 5 OR, 0Jfcl#:L-^#?3^ft7'D7 , 7^tS47t3fc4b<l>W3&<?>lt 
ft t ft ? * . A 7J fiP 1 5 8 C «fc M , Jft^WSt/Tvt-S'J«P-(g^tCPU1 5 1 IC^U7«^ 
t J . 7 , D>Ci-JRI1 60tt, CPU1 5 1 C*'K ^ it 7' \3 7 7 

?t/vu7*aj^*iBarz*>£fcic. ft * c * u t , * * a» 1 5 7c*i»s*tiis 
-r i . 

[0195] 

ft ^ 7- □ 7" 7 a r* . #J x. f* §e ti « ft 1 7 o r:j;->7ts«7ii? t©?»io7, 

CPU1 5 1 (O m m <0 T IC, C <9 §fi It « ft 1 7 0#^lI&ifc#-iii7ft7tJ;<> A - h" 7" 40 
< X7C1 IlEt!?ftfet<9»ttfrflirft7t*ll. £ £ . ft * 7- □ 7" =7 , ROM 
1 5 2Cf««ffl7ft7H7Ull. 7" ^ IC , H^<t<5«ftVr?T»-'9tt. CC7UA 
-^7"^ X?CE»7tl7llU9VtJ. 55V, C <9 - ? f* , ±^b^A*T*--?D 



It ft ft) C f* , :>Ca-^i1 50li, CPU1 5 1 CJ;o7H?^?D77AtSfi 

rn. cpui 5 1 q> v\ m <o t c . a«»ott«t8su7itto*iRot*iD? . 

[01 97] 

« 1 1 7 . :>Ci->ll1 5 Of*, CPUI 5lO»«9TC, 5K<y)fe*tS^^IXaC 



[0194] 



[01 96] 
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[01 981 

sin, 50B, cpui 5 1 <*> *'j ® <o t ic . saibfef <7 y - • 

[01 99] 

a I ) T , :?Ci-»8I1 5 0ft, CPU1 5 1 © $!1 ® © T IC , A - K T « 7 7 IC IE Ik 

lt?CKJ;i7LDPCli*CJ;J9*fl;tfill. lSLfe1i§lt7-^ D 4 IC *t B 
t 2 ft* it T- * t 4S?tJ . 
[ 0 2 0 0 ] 

tl7, D>Ci->»I1 5 Oft, CPU1 5 1 <9 SUflP ® T C . ^SKOfcU^fcT'-* 10 
?Bft©eS ! >>/|i:JI/C7yC>7l, ± 55? U >=. £ jJS V > ;U t 1 KA-Ff <Z7lC 

^lufei, Hfi® * >f syy^ejsyyjR^tttMHu, a <i a* 1 5 ? t^u7^Si\ 

* iB 77 r Z V * £ IC , IICID7, * ^ » 1 5 7 IC « a ft * # t * /Tv r J . 55 ft . £ J£ 

U;fee>g7>7K,ibft. IE » & # 1 7 Of ClEit7C Vt7«f I. 
[ 0 2 0 1 ] 

C(9J;?C, 3>Ci->RI1 BOB:, ± $ b £ 73 ^b IS S 1 IC ft i} 3 ft ^b ?G 31 1 7? 

^it7D77AtSfiri:^c<t;- 3 7tirz:^?H. 

[ 0 2 0 2 ] 

o riC . □>Ca-*fl«1 5 0 C»»i) 2*^«llC-)U78lPSt 

[ 0 2 0 3 ] 20 

□ >Ca-*Rl!l 5 0ft. ffl^ffl-7 , #S§7D77/.tSfit 3 fed^<!)F)ft(9}SfF 
t ? V , A 7J SP 1 5 8 IC <fc M . *fFI«litSt»fl*§tCPUl 5 1 C«U7«l&t 
J . C H C E D 7 , :>Ci-JIII 50tt, CPU1 5 1 IC J; V, & ^ 7* □ 7" ^> ^ t 
RAMI 53lcn-h'UTHfiU - a M 8P 1 5nM75H#^lb, C © S -18 fil t 
4§tnnc, *f CiD 7. */TvfiP1 5 7 C551»lf tf ft J . 

[ 0 2 0 4 ] 

5ft, t§7D77i>t, 73^b7-D7 , 7^*|5]«IC. #J * ft IE ti fttt 1 7 0 IC «fc ') « 
?HU<!)7Jn7, CPUI 5 1 © *U • © T IC , C © IE i$ ft ft 1 7 0#^lt«sft#-iB7 
tL T £ <fc < , A-h , 7*<X9lC1JSi5ar*lfet«?)ilftt^MrftTt«fcU. £ *L . « ^ 7* 
D77/*tt, ROM 1 5 2C^ii)ffiffl7il7ll7Ull. 30 
[ 0 2 0 5 ] 

& ft «) IC I* , □>Ci-?Hl 1 5 0ft, CPU1 5 1 C*o7ft^7D77AtIffT 

n, cpu 1 51 <5«ij#<5Tc. A-h-T^z^^sfc^-aibfeSftfii, as u < ft a m 

to 1 5 7 t^U7K«UJ&*fii#i5>tf ®»»otIISl7*dD2. 
[ 0 2 0 6 ] 

»tl7. :>Ci-^i1 5 0ft, *<y>fc»ig©#ttalC*-*UT*«ttUfc«3-tt* 
[ 0 2 0 7 ] 

H7, 5 0ft. CPU1 5 1 © $U fflJ © T IC . *^^b7-*l^S^M© 

2H 7J t 3 . C © * ?= , 1 50ft, CPU1 5 1 © Sll $ © T IC , A V 7 7* 

;b/-f ; »^ai7;7-tl3^y-t2--y©5t*7>^IC«UTt, 5K<i»;fe3tS©7}|&alCK^l) 

[ 0 2 0 8 ] 

□ >Ca-*R11 5 0ft, CPU1 5 1 © SU ft) © T IC , # ^ 1lfet§7- 9 t A - h" 7 
■r 7 5 * IC IE £ U , J&5CED7, l$IPl 5 7lC«S£fi*#t*m*Z. 5ft, » mi 
£ & ^ T* - * ft , IE f$ ft ft 1 7 0#IClEft-f2C*£7*?=Z. 

[ 0 2 0 9 ] 

C © <fc ? IC , :>Ci-^i1 5 0ft, ±^U^.^^IIS3lCftitia^?CiJIt^^-7- 50 





(31) 



JP 



2004 88468 A 2004. 



D7 7At^fitle^c<);^7SSt]U);#?f 3. 
[0210] 

i>X ± a> J; J IC > * Bfl » > A t0ffl@tJg^u^uCSl-?7il:^5#°r^7 l ^lC , i;«:l)? 
* ■? £ « U . 

C021 1 ] 

[ 56 Bfl © S3) * ] 

J-*±§¥*fflC5S£aflU£<fc?C, *fg?BC#»??9^ft!IBtt. A*^ilfe7 1, -5'C^U-7'fe 
«fiA 'JT/«81f?CJ;J1i*^tfi?li*ft»i?ft->7, fi ?'J C » it 1 1 <Z> ffi 

c <?> t* < ?* y - • i y-^>x»ai^l§iuj;oTWiiir^fe7 : "^yy - • ;/ - y > z c s ^ 10 
^bL-TBiEtZ. 



X V « 3 «fc ? ic, t* < 5r y - • - tr y 7. M BL^&c & -> -it < 7 V - • v - 7 > X t * 20 



'J — ■ v - 7 y 2. t s air ? 7» < y - • 5/-5r>;*»Aiie*. u <<> t* < 7 y - • v - 
c t 5? « 11 £ * y -e - t e y h*-?*bb*zrc, **,mi*.3iS<?>#jRic*3U7 



t" 4 7 y - • v - 7 y 7. *i & & \t \, -z & 1 1 ? y z: & { ) . s§©ei 



L7lff <9*iitflt;):su jc, t < 7 y - • =y-^>xt*7i^bUTSai^3^-^ 

^b^SlCfc^T&^SAyx^l^^c^ITf^^^^rtL^Tf-i-^a^tfi?^^^ 
1 7 & o 7 , 13**bRi#*fig«7-*ife7»-*t*««*U73E<!B*Z35«¥S*. C <9 
f«¥J§C,to7Sitll^Sfil(i)«lf*fitRfte)lSCyMl7l^<t-rii^{t¥ 

[02161 50 



[021 2 ] 



[0213] 



[0214] 
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[ ft * © Si Bfl ] 
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